The definitive treatment of food allergy is controversial and, even if the practical approach to treating adverse reactions to foods is mainly to avoid the offending item,^[@B1]^ oral immunotherapy (OIT) for food allergy, otherwise known as oral food desensitization, is a frequently used regimen in experimental settings,^[@B2]--[@B4]^ as in the case of OIT to hen\'s egg (HE).^[@B5]--[@B18]^ Elimination diets for common foods, however, may pose logistic difficulties, sometimes associated with psychological problems. Moreover, children and their families are often concerned about the possibility of inducing (severe) reactions after consuming, sometimes inadvertently, small amounts of the offending food.^[@B6]^ Although many children outgrow their food allergies, some children persist with their sensitivity, and the more persistent the food allergy is over time, the smaller the probability of achieving spontaneous tolerance in the short term.^[@B19]--[@B21]^

For these reasons, we performed two different OIT trials, one with cow\'s milk^[@B22]^ and one with raw HE,^[@B14]^ to attempt to induce oral clinical tolerance in children in whom the occurrence of spontaneous oral tolerance would be unlikely (or, in whom, if it did occur, would have taken a long time to reach), and/or when there was a risk of severe reactions. Our controlled protocol for raw HE OIT^[@B14]^ directed at desensitizing a group of children with mild-to-severe IgE-mediated HE allergy (HEA) over a period of 6 months by introducing increasing daily doses of raw HE by using a very gradual method of reintroduction,^[@B23]^ was fully successful in 80% of the cases (8/10 children) and partially successful in 10% of the cases (1/10 children), which was of one child who was able to tolerate 2 mL/day of raw HE, thus reducing the risk of severe reactions after possible inadvertent introduction of HE. The protocol failed in 10% of the children (1/10). This study was the follow-up at 2.5 and 7 years of a this earlier study^[@B14]^ and the objectives were to investigate the following: (a) the long-term effectiveness of OIT to raw HE, (b) the long-term safety of our desensitization protocol, (c) the change in cutaneous sensitivity to HE proteins by means of SPTs, (d) the course of the serum-specific HE IgE levels, and (e) the prognostic value of SPTs and the serum-specific HE IgE levels.

Because at the end of OIT it is virtually impossible from a clinical point of view to distinguish between "desensitization" (the ability to ingest a food without reactions, provided that the food is eaten regularly) from "true food tolerance" (a state of total clinical and immunologic unresponsiveness to a food allergen independently from the rate of administration), we provided the definition of some terms used in this article. We adopted the term "sustained unresponsiveness,"^[@B24]^ defined as the ability to consume the food without clinical symptoms after a period of OIT and subsequent avoidance of food consumption for a certain time (generally in terms of days or weeks). We used the term "sustained clinical food tolerance" (in contrast to "true food tolerance") at 2.5 years and at 7 years to indicate those children who had eaten *ad libitum* raw and/or cooked HE without symptoms and with various periods of sustained unresponsiveness. Also, we used the terms "to tolerate" and "tolerant" only in the sense "to eat a food without symptoms," so not necessarily implying the concepts of "true tolerance" or "sustained unresponsiveness" or "sustained clinical food tolerance."

METHODS
=======

Clinical Subjects
-----------------

All children with mild-to-severe IgE-mediated HEA, according to the severity classification of Clark and Ewan,^[@B25]^ who had participated in the initial study, 10 in the OIT group (OIT-G) and 10 in the control group (C-G), were called back twice: after 2.5 years ± 4 months, and after of 7 years ± 11 months ([Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). At the end of the desensitization protocol ([Table 3](#T3){ref-type="table"}),^[@B14]^ the parents were advised not to discontinue the free daily intake of raw HE, cooked HE, and products that contained HE (given *ad libitum*) to maintain the effects of the OIT. Moreover, the importance of always having emergency therapy at hand was advised. During the follow-up visits, a structured interview was used to record the clinical history, which detailed sex, age, family and personal history of allergies, and symptoms over the past years. Moreover, the parents were asked whether the children who were totally or partially desensitized were still consuming raw and/or cooked HE. Data on safety and adverse reactions to HE were also elicited. Our hospital\'s ethics committee approved the procedure, and informed consent was obtained from parents on behalf of all the study subjects.^[@B14]^

###### 

Patients who underwent OIT with raw HE (OIT-G): Symptoms after DBPCFCs with raw HE or after accidental ingestion of HE, and outcome of raw HE desensitization; status of OIT at the first and at the second follow-up[\*](#TF1-1){ref-type="table-fn"}

![](arh00317-0211-t1a)

![](arh00317-0211-t1b)

OIT = Oral immunotherapy; HE = hen\'s egg; OIT-G = oral immunotherapy group; DBPCFC = double-blind, placebo controlled food challenge; D.O. = dropped out.

See Ref. [@B14], [Table 1](#T1){ref-type="table"} for more details about the OIT period.

\#Presented with some symptoms during the desensitization period, which occurred a short time after ingestion of raw HE and that persisted for \<2 hr.

§Tolerated up to 2 mL of raw HE, but he was able to eat 15 g of cooked HE.

¶No symptoms during the desensitization period.

###### 

Patients of the C-G: Symptoms after DBPCFCs with raw HE at enrollment and after 6 months; status of HE allergy at the first and second follow-ups

![](arh00317-0211-t2a)
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C-G = Control group; DBPCFC = double-blind placebo controlled food challenge; HE = hen\'s egg; OIT = oral immunotherapy; OFC = oral food challenge; D.O. = dropped out.

###### 

Schedule of oral raw HE desensitization[\*](#TF3-1){ref-type="table-fn"}

![](arh00317-0211-t03)

HE = Hen\'s egg.

Diluted HE drops, drops, and milliliters refer to mixed raw HE white and yolk.

### Skin-Prick and Prick-by-Prick Tests.

At both follow-ups, all the children underwent skin-prick tests (SPT) with common, commercial inhalant allergens and commercial HE allergens (HE white and HE yolk) (Lofarma, Milan, Italy). In addition, SPTs or prick-by-prick tests were performed directly with HE (raw HE white and HE yolk; and HE white and HE yolk that had been boiled at 100°C for 10 minutes). The tests were read as previously described.^[@B14]^

### Oral Food Challenges.

With regard to the OIT-G, at the first and second follow-ups, oral food challenge (OFC) with raw HE was not required because the majority of the children who had undergone oral raw HE desensitization were still consuming raw and cooked HE at least once a week. The two patients for whom OIT failed declined the OFC because of a convincing history (see the Results section). With regard to the C-G, at the first (2.5-year) study follow-up, 5 of 10 children underwent OFC with raw HE. The other 4 of 10 children did not undergo OFC because OIT with raw HE had been performed (the data for these children were removed from statistical analysis). The last child in this group did not undergo OFC because he was still tolerant to raw HE. At the second (7-year) follow-up period, no OFCs were performed because 6 of 10 patients declined to be challenged due to a convincing history or personal reasons, 3 of 10 were already tolerant to raw HE; 1 patient dropped out (see the Results section).

### Blood Samples.

Venous blood samples were collected and stored at −20°C at the start and the end of the desensitization protocol (or, in the C-G, after 6 months) and after mean period of 2.5 and 7 years (two follow-ups). For each serum sample (including the samples obtained from the original study), ovomucoid (Gal d 1) and ovalbumin (Gal d 2) specific IgE levels were determined with ImmunoCAP (Thermo Scientific, Vienna, Austria) in accordance with the producer\'s manual. When necessary, a 1:10 serum dilution was performed to assay samples with IgE-specific concentrations \>100 kU/L.

Statistical Analysis
--------------------

Follow-up SPT results and ImmunoCAP values were compared with those at the start of the desensitization protocol, the "pre" data of the previous study,^[@B14]^ to assess the evolution in an intention-to-treat analysis. Wilcoxon matched pairs signed rank test was used and ImmunoCAP values were log-transformed to reduce the effect(s) of outliers\' weight. To determine whether there were significant differences between the expected and the observed frequencies in tolerance induction between the OIT-G and C-G, the χ^2^ test was used. In determining the fairness of the comparison group of patients examined at various times of follow-up, a power analysis was performed by using the GPower 3.1 software.

RESULTS
=======

At the first (2.5-year) follow-up period, 19 of 20 children who had previously participated in the desensitization protocol were evaluated; 1 child (5%) in the OIT-G had dropped out. At the second (7-year) follow-up, 18 of the 20 children were evaluated; 1 child (5%) in the C-G had dropped out. In both cases of the children who dropped out, it was not possible to contact the families.

Outcome of the OIT Follow-ups
-----------------------------

Overall, at the end of the initial study, 8 of 10 children (80%) in the OIT-G tolerated the daily intake of 25 mL of raw HE over a 6-month period; 1 child (10%) tolerated up to 2 mL/day, whereas desensitization failed for another child (10%) ([Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}). Six months after enrollment, only two children in the C-G (20%) could tolerate raw HE. At the first and second follow-ups, 7 of 8 children (87.5%) of the OIT-G who tolerated raw HE at the end of the previous study were still tolerant, *i.e.*, raw and/or cooked HE could be eaten at least one time a week without symptoms. The other child who was tolerant at the end of the desensitization protocol dropped out. The child who could tolerate only 2 mL of raw HE at the end of the desensitization protocol (patient 4) stopped consuming this low quantity after ∼1 year. As a consequence, he became nontolerant (convincing history) and tested positive to raw HE at both the first and second follow-ups.

All the subjects in the C-G underwent a second double-blind, placebo controlled food challenge 6 months after enrollment, and all but two children (patients 11 and 15) tested positive. At the first follow-up, patient 11 could tolerate cooked HE (negative OFC) but could still not tolerate raw HE (positive OFC). The other patient who was spontaneously tolerant (patient 15) tolerated raw HE both at the first and second follow-ups. Of the subjects in the C-G with HEA, two (patients 13 and 17) were able to tolerate raw HE (eaten at least one time a week) both at the first and second follow-up periods because they had successfully undergone OIT to raw HE. In addition, two subjects in the C-G (patients 12 and 14) could not tolerate raw HE either at the first or second follow-up periods even though they had undergone OIT with raw HE. The other four subjects in the C-G (patients 16, 18, 19, and 20) could not tolerate raw HE at the first and second follow-up periods (with the exception of subject 18, who dropped out at the second follow-up).

As can be seen in [Table 4](#T4){ref-type="table"}, in comparison with the C-G, subjects in the OIT-G were significantly more tolerant at the end of the desensitization period (*p* \< 0.01), as previously described,^[@B14]^ and significantly more tolerant at the first (2.5-year) follow-up period (*p* \< 0.05) ([Table 4](#T4){ref-type="table"}, row A). In contrast, there were no differences between groups at the second (7-year) follow-up period ([Table 4](#T4){ref-type="table"}, row A). However, if the two subjects in the C-G who were successfully submitted to OIT with raw HE were included in the analysis, then the differences between the OIT-G and the C-G became significant at the second (7-year) follow-up (*p* \< 0.01) as well ([Table 4](#T4){ref-type="table"}, row B).

###### 

Comparison between children who were raw HE tolerant in the OIT-G and the C-G at the end of the desensitization protocol (6 mo), at the first (2.5 y), and the second (7 y) follow-up (χ^2^ test)
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HE = Hen\'s egg; OIT-G = oral immunotherapy group; C-G = control group; OIT = oral immunotherapy; N.S. = not significant.

\*For statistical purposes, all the children in the C-G were considered.

\#For statistical purposes, the children in the C-G who became tolerant to raw HE due to subsequent successful OIT with raw HE were not considered.

Safety Data and Adverse Reactions to Raw HE
-------------------------------------------

None of the subjects required the use of adrenaline or emergency care during the follow-up periods.

SPTs and Prick-by-Prick Tests
-----------------------------

All the subjects underwent SPTs and Prick-by-Prick Tests. The comparison among the SPTs performed at the beginning, at the end of the study, and at the two follow-up periods did not reveal significant differences between the two groups, with the exception of house-dust mite, for which the OIT-G had a higher positive reading at the first and second follow-up periods (*p* = 0.02), and for cat dander, for which the C-G had a higher positive reading at the second follow-up (*p* = 0.04) (data not shown). SPT results to HE decreased significantly over time only in the OIT-G. In particular, cutaneous positivity significantly decreased for egg white (commercial extract, raw and hard-boiled), and raw yolk but not for commercial and hard-boiled yolk, whereas there was no significant change in cutaneous sensitivity to HE in the C-G (except for two who became tolerant to raw HE because they had been successfully submitted to OIT) (Wilcoxon matched pairs test) ([Table 5](#T5){ref-type="table"}).

###### 

Outcome of the SPTs with HE egg-white and yolk (commercial extracts, raw and hard boiled) at the beginning (pre) and at the end (post) of the desensitization period; after the first and the second follow-ups in the desensitization group; and at the beginning, after 6 months, and after the first and the second follow-ups in the control group
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SPT = Skin-prick test; HE = hen\'s egg; OIT-G = oral immunotherapy group; C-G = control group; N.S. = not significant; SD = standard deviation; OIT = oral immunotherapy. The cutaneous sensitivity significantly decreased for egg white (commercial extract, raw and hard boiled), and raw yolk but not for commercial and hard-boiled yolk; no significant change was observed in the children of the CG (but two who became tolerant to raw HE because they were successfully submitted to OIT) (matched-pairs Wilcoxon test); no significant differences were observed in the C-G.

\#Pre vs post.

§Pre vs first follow-up.

¶Pre vs second follow-up.

Specific IgE Values (ImmunoCAP) for Gal d 1 and Gal d 2
-------------------------------------------------------

As previously reported,^[@B14]^ the differences between specific IgE values for Gal d 1 before and after the 6-month desensitization period in the OIT-G were significant (*p* = 0.01, Wilcoxon matched pairs test), whereas the IgE values for Gal d 2 did not show significant differences ([Table 6](#T6){ref-type="table"}). The specific IgE values for both Gal d 1 and Gal d 2 decreased at the first and second follow-up periods compared with the values at the start of the protocol, in both the OIT-G and the C-G. For this study, all the samples (including those of the previous study) (14) were retested with ImmunoCAP.

###### 

Outcome of the specific serum IgEs (ImmunoCAP) to ovomucoid (Gal d 1) and ovalbumin (Gal d 2) at the beginning (pre), at the end (post) of the desensitization period, and at the first and second follow-ups\#
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IgE = Immunoglobulin E; OIT-G = oral immunotherapy group; C-G = control group; N.S. = not significant; SD = standard deviation. In the OIT-G, the differences between specific IgE values for Gal d 1 before and after the 6-mo desensitization period were significant (p = 0.01, Wilcoxon matched pairs test), but the IgE values for Gal d 2 did not show any significant difference; with regard to the two follow-ups, both specific IgE values for Gal d 1 and Gal d 2 decreased both in the OIT-G and in the C-G at both the first and second follow-ups compared with the values at the start of the protocol.

\#Note: If ImmunoCAP values were \>100 kUA/L, then the samples were diluted 1:10 and retested.

§Pre vs post.

¶Pre vs first follow-up.

‖Pre vs second follow-up.

DISCUSSION
==========

This article reported two consecutive follow-ups (at 2.5 and 7 years) to our previous study performed in 20 children with mild-to-severe IgE-mediated HEA.^[@B14]^ To our knowledge, this was the first long-term follow-up study of subjects with HEA allergy who underwent a controlled protocol for OIT at home. Overall, only two children dropped out. Four children of the C-G underwent OIT with raw HE during the follow-up, but only two of them were able to tolerate raw HE.

Persistence of the Effect of OIT
--------------------------------

Overall, at the end of the previous study,^[@B14]^ 8 of 10 children of the OIT-G tolerated 25 mL of raw HE over a 6-month period, whereas 1 child tolerated only 2 mL of raw HE. The desensitization protocol failed for one child. At both the first and second follow-ups, all but one of the children in the OIT-G (patient 3 \[who dropped out\]) presented tolerance to raw HE, thus indicating a substantial persistence of the effect of OIT ([Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}, and [4](#T4){ref-type="table"}). This point needs some clarification. Because our subjects were accustomed to eating raw and/or cooked HE at least once a week without symptoms, we could speak of sustained unresponsiveness of at least 7 days. Even when considering the long time between the first study and the two follow-ups, it was not known whether our subjects reached HE true tolerance (*i.e.*, a permanent and definitive capacity to ingest HE without elicitation of symptoms independent of the rate of ingestion) or whether they were simply long-term desensitized. For this reason, we spoke of sustained clinical food tolerance that, from a practical point of view, resolved the problem for which these patients came to our attention. With regard to the C-G, 2 of 10 patients could spontaneously tolerate raw HE after the 6-month period of the previous study.^[@B14]^ Four children agreed to be submitted to HE-OIT with raw HE, but only two of the four children could tolerate raw HE. If we added the two children who were not tolerant to the others of the C-G, then this indicated a substantial, significant nontolerance in those who were not submitted to OIT ([Table 4](#T4){ref-type="table"}).

The natural history of HEA is for the majority of children to undergo spontaneous resolution over time, but only a few studies have reported the long-term course of HEA, and most studies did not use raw HE but only cooked HE.^[@B26]--[@B32]^ In the study of Savage *et al.*,^[@B26]^ the resolution of HEA was assumed if patients could tolerate one whole cooked HE and did not consider tolerance to raw HE. By using this criterion, the Kaplan-Meier analysis predicted resolution in 4% of patients by the age of 4 years, 12% by the age of 6, 37% by the age of 10 years, and 68% by the age of 16 years. Sicherer *et al.*^[@B27]^ enrolled 213 children with HEA, ages 3--15 months, and found that HEA resolved in 105 children (49.3%), at a median age of 72 months, but, even in this case, the children were considered HE tolerant if they could ingest scrambled egg or French toast, which thus raised doubts as to whether they could really tolerate raw HE. In a retrospective study, which included 106 children \<2 years old with atopic dermatitis and HEA, Kim *et al.*,^[@B28]^ concluded that 41% of the children had developed tolerance to cooked HE by the age of 3 years, and 60% by the age of 5 years. Ford and Taylor^[@B29]^ observed 25 children with HEA confirmed by double-blind challenge (probably administering raw HE) and found that HEA was resolved in 44% of children after 2.5 years. Boyano-Martinez *et al.*^[@B30]^ studied 58 children with HEA, ages \<2 years at diagnosis, and established that the average time to tolerance to raw HE was 35 months, whereas tolerance was reached in 66% of the patients after a 5-year follow-up.

In this context, we compared our data only with the studies in which raw HE was considered.^[@B29],[@B30]^ Roughly, we can say that, in the C-G of our population (not considering the two children who were submitted to OIT during the first follow-up period), only 12.5% could tolerate raw HE after a mean of 2.5 years and 37.5% after a mean of 7 years, which indicated a worse prognosis of raw HEA with respect to previous studies.^[@B29],[@B30]^ At any rate, in our opinion, we changed the natural history of HEA in most of our patients both at the first and second follow-ups by reducing the natural time frame for clinical raw HE tolerance, which thus enabled our population to eat cooked HE freely as well. The contrary cannot be validated by those studies in which only cooked HE was considered.^[@B26]--[@B28]^

Effect of Stopping Consumption of Raw HE After OIT (sustained unresponsiveness)
-------------------------------------------------------------------------------

Overall, during the follow-up time frame, the majority of the children in the OIT-G could interrupt raw HE intake for 7 days without any symptoms once raw HE was consumed again. The possibility that OIT can induce a long-lasting or even permanent tolerance (true tolerance) is still debated, and it is conceivable that not all the patients who submitted to OIT will achieve true tolerance. Indeed, it is probable that some of them maintain tolerance only if the food is consumed on a regular basis.^[@B6],[@B33]^ In this context, Caminiti *et al*.^[@B17]^ recently reported that, of 16 children ages 4--11 years who were desensitized to dehydrated HE within 4 months and who then underwent a 3-month period of HE avoidance, only 31% remained tolerant to the oral challenge with raw HE. We do not know what would have happened if our patients had interrupted consuming raw HE for 3 months, but, in our opinion, in real life, it is not usual to interrupt a common, regularly consumed food for ≥3 months. At any rate, as a consequence of our experience, we advise not to stop taking the food for \>1 week. Moreover, we empirically maintain that the more severe the case of HEA allergy, the more regular and frequent the food intake should be during the maintenance period.

Long-Term Safety
----------------

During the two follow-up periods, none of the children of the OIT-G needed to use adrenaline or presented symptoms that had to be controlled by oral antihistamines. Due to the limited number of children in the OIT-G, we could not extend these positive findings to all children submitted to OIT. In particular, we had to take into account conditions that could reduce oral tolerance at least temporarily, such as hard physical exercise within 2 hours of a dose, respiratory tract febrile infections, gastroenteric infections, gastrolesive drugs, poorly controlled asthma, seasonal pollen allergy, and menses.^[@B34]--[@B37]^

Course of SPTs, Specific HE IgE Values, and Prognostic Factors
--------------------------------------------------------------

In our population, the cutaneous sensitivity (SPTs) for all the HE allergens tested (except commercial and hard-boiled yolk) significantly decreased over time only in the OIT-G. Indeed, there was a significant decrease from the "presituation" and at the end of the desensitization period ("postsituation") and with respect to the first and second follow-ups ([Table 5](#T5){ref-type="table"}). However, with regard to the serum-specific IgE levels, apart from the not significant difference during in the initial 6-month observation, we noted a significant decrease both at the first and second follow-ups ([Table 6](#T6){ref-type="table"}). This was not surprising in that this significant decrease indicated only a minor reactivity with respect to the initial condition and that an ImmunoCAP level of \>0.35 kU indicated, in each case, the possibility of a reaction to raw HE. Globally, we can say that if we put the positivity cutoff at 3 mm for SPTs and at 0.35 kU for ImmunoCAP, in our experience, SPTs were more reliable when tracking the status of sensitization to raw HE.

CONCLUSION
==========

OIT is a promising method for treatment of HEA. Follow-up evaluations after 2.5 and 7 years of 20 children previously studied indicated that, overall, 8 of 10 children in the OIT-G were still consuming raw HE and cooked HE freely. However, the subjects in the C-G overall could not tolerate raw HE either at the first or the second follow-up period, with the exception of two children who successfully underwent OIT with raw HE. Our protocol, even if time-consuming, offered the advantage that it could be performed at home. Moreover, it was an overall success and was safe. Nevertheless, due to the small number of children enrolled in the protocol, we maintain that children submitted to OIT need be monitored, even after the end of the protocol, and that only appropriately trained staff should use this methodology.

Although it is not possible to conclude that, in a variable number of cases, tolerance to raw HE is true immunologic tolerance, we maintain that sustained clinical food tolerance lasts as long as the offending food is regularly consumed. In general, it was difficult to evaluate whether the good prognosis of the OIT-G was due to the natural course of HEA alone or was the result of the OIT performed 2.5 to 7 years previously. However, we demonstrated that most of the children in the C-G still did not tolerate raw HE at the follow-ups, and so we believed that, in the case of most of our children in the OIT-G, we at least reduced the natural time frame for clinical tolerance. Conversion of SPTs to negative responses to HE proteins, rather than the reduction of specific serum HE IgE levels, could be considered a better prognostic indicator of the development of sustained clinical food tolerance to raw HE.
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